Influence of Adapted Wavelengths on Temperature Fields and Melt Pool Geometry in Laser Transmission Welding  by Schkutow, A. & Frick, T.
 Physics Procedia  83 ( 2016 )  1055 – 1063 
Available online at www.sciencedirect.com
1875-3892 © 2016 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).








aTechnische Hochschule Nürnberg Georg Simon Ohm, Keßlerplatz 12, 90489 Nürnberg, Germany 
$EVWUDFW
/DVHU WUDQVPLVVLRQZHOGLQJ LV DQHVWDEOLVKHG MRLQLQJ WHFKQRORJ\ IRU WKHFUHDWLRQRI VWURQJKHUPHWLFDQGDHVWKHWLFZHOG VHDPV





















© 2016 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the Bayerisches Laserzentrum GmbH
1056   A. Schkutow and T. Frick /  Physics Procedia  83 ( 2016 )  1055 – 1063 
7ZRSURFHVVLQJYDULDQWVRIODVHUWUDQVPLVVLRQZHOGLQJLQSDUWLFXODUDUHZLGHO\XVHGLQLQGXVWULDODSSOLFDWLRQV,Q




,Q UHFHQW \HDUV ODVHU VRXUFHVZHUH GHYHORSHGZLWKZDYHOHQJWKVEHWZHHQQP DQGQP DQG VXIILFLHQW
SRZHU IRUPDWHULDO SURFHVVLQJ >.|KOHU HW DO  -HRQJ HW DO 0HOHVKNHYLFK HW DO @ZKLFK DWWUDFWHG
DWWHQWLRQIRUDSSOLFDWLRQVLQ WKHODVHU WUDQVPLVVLRQZHOGLQJRI WKHUPRSODVWLFVGXHWR WKHKLJKHU LQWULQVLFDEVRUSWLRQ
SURSHUWLHVRIWKHPDWHULDOVLQWKLVVSHFWUDOUDQJH6RIDUWKHVHODVHUVRXUFHVLQODVHUWUDQVPLVVLRQZHOGLQJKDYHPDLQO\
EHHQ DSSOLHG IRU WKH PDQXIDFWXULQJ RI ZHOG VHDPV EHWZHHQ SDUWV ZLWKRXW VSHFLILF ODVHU DEVRUELQJ DGGLWLYHV
>0LQJDUHHYHWDO0DPXVFKNLQHWDO5RXWVDODLQHQHWDO@
5DGLDQWKHDWHUVFDQEHXVHGWRLQFUHDVHZHOGLQJVSHHGDQGZHOGVHDPTXDOLW\LQODVHUWUDQVPLVVLRQZHOGLQJ7KHLU
EURDGEDQG QHDU DQG PLGLQIUDUHG 1,50,5 HPLVVLRQ LV DSSOLHG DV VHFRQGDU\ UDGLDWLRQ LQ DGGLWLRQ WR D
FRQYHQWLRQDO GLRGH ODVHU ZDYHOHQJWK 7KH SRO\FKURPDWLF UDGLDWLRQ RI WKH KHDWHUV LV SDUWO\ DEVRUEHG E\ WKH
WUDQVSDUHQW MRLQLQJSDUWQHU OHDGLQJ WRPRGLILHG WHPSHUDWXUH ILHOGV DQG D UHGXFHG VWLIIQHVV RI WKH WUDQVSDUHQWSDUW
:LWKDVXLWDEOHFODPSLQJGHYLFHUHODWLYHO\ODUJHJDSVEHWZHHQWKHWZRSDUWVFDQEHFORVHGLQWKLVµK\EULGZHOGLQJ
SURFHVV¶DQGWKHPRGLILHGWHPSHUDWXUHILHOGVOHDGWRUHGXFHGWKHUPDOVWUHVVHV>+RIPDQQHWDO@
7KH JDSEULGJLQJ FDSDELOLW\ LV D FUXFLDO IDFWRU IRU WKH DSSOLFDWLRQ RI ODVHU WUDQVPLVVLRQ ZHOGLQJ LQ LQGXVWULDO














FURVVVHFWLRQZLWK WKH ODUJHVWSDUWRI WKHZHOGVHDPVLWXDWHG LQ WKHDEVRUELQJ MRLQLQJSDUWQHU $7KHZHOGVHDP
ZLGWK LQ WKH MRLQLQJ SODQH :: LV QRWLFHDEO\ VPDOOHU WKDQ WKHZLGWK RI WKHPHOW SRRO 03: 7KXV WKH ORDG
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:KHQ WKH ODVHU ZDYHOHQJWKV DUH DGDSWHG WR WKH DEVRUSWLRQ EHKDYLRU RI WKH WUDQVSDUHQW SRO\PHUV LQ WKH MRLQW
EHWZHHQWUDQVSDUHQWDQGDEVRUELQJSDUWVWKHSURFHVVLQJEHQHILWVDUHVLPLODUWRWKRVHLQWKHK\EULGZHOGLQJDSSURDFK
KRZHYHU ZLWK UHGXFHG WHFKQLFDO HIIRUW $GGLWLRQDOO\ DV LQ WKH DEVRUEHUIUHH FDVH DEVRUEDQFH LQ WKH WUDQVSDUHQW
MRLQLQJSDUWQHU FRXOG LPSURYH WKH JDSEULGJLQJ FDSDELOLW\7KLVSDSHU H[DPLQHV WKH RSWLFDOPDWHULDO SURSHUWLHV RI
IRXUFRPPRQO\XVHG WKHUPRSODVWLFPDWHULDOVE\XVLQJ1,5VSHFWURVFRS\DQGDSSOLHV WKHVHDV LQSXWSDUDPHWHUVIRU
ILQLWHHOHPHQW)(VLPXODWLRQVLQRUGHUWRSUHGLFWWKHWHPSHUDWXUHILHOGVGXULQJFRQWRXUDQGTXDVLVLPXOWDQHRXVODVHU
WUDQVPLVVLRQ $ VXLWDEOH ODVHU ZDYHOHQJWK LV VHOHFWHG DQG SURFHVV SDUDPHWHUV DUH DGMXVWHG WR DFKLHYH EHWWHU
WHPSHUDWXUH GLVWULEXWLRQ DQG ZHOG SRRO JHRPHWU\ ,Q DGGLWLRQ WR WKH VLPXODWLRQ RI WHPSHUDWXUH ILHOGV WKH )(
VLPXODWLRQ PRGHO LV H[WHQGHG WR LQFOXGH WKHUPDO H[SDQVLRQ RI WKH PDWHULDOV ZLWK WKH DLP RI LQYHVWLJDWLQJ JDS
EULGJLQJEHKDYLRU&RPSDULVRQVDUHGUDZQEHWZHHQWKHDGDSWHGZDYHOHQJWKDQGDFRQYHQWLRQDOQPZDYHOHQJWK
0DWHULDOFKDUDFWHUL]DWLRQ
2.1. Absorbance behavior of polymers 
7KH DEVRUEDQFH EHKDYLRU RI VDPSOH PDWHULDOV ZDV DQDO\]HG E\ XVLQJ 1,5 VSHFWURVFRS\ /DPEGD 
VSHFWURPHWHU3HUNLQ(OPHUDWDZDYHOHQJWKUDQJHRIQP)LJVKRZVWKHDEVRUEDQFHVSHFWUDRIPP
WKLFN SODWHV PDGH RI IRXU FRPPRQO\ XVHG WKHUPRSODVWLF PDWHULDOV SRO\SURS\OHQH 33 SRO\DPLGH  3$






7KHVH VSHFWUD ZHUH XVHG WR FDOFXODWH WKH DEVRUSWLRQ FRHIILFLHQWV WKDW DUH VKRZQ LQ 7DE  WRJHWKHU ZLWK DQ
RYHUYLHZRIDYDLODEOHODVHUEHDPVRXUFHVVXLWDEOHIRUWKHFRUUHVSRQGLQJVSHFWUDOUDQJH
 




33 3$ 3& $%6
,Q*D$V*D$VGLRGHODVHU>+RUQ@ QP    
,Q*D$V3,Q3GLRGHODVHU>.|KOHUHWDO@ QP    
(UELXPILEHUODVHU>-HRQJHWDO@ QP    
$O*D,Q$V6EGLRGHODVHU>.|KOHUHWDO@
7KXOLXPILEHUODVHU>0HOHVKNHYLFKHWDO@ QP    





2.2. Absorbance behavior of polymers filled with carbon black 








WKH VSHFWUDO SURSHUWLHVRI WKH DEVRUELQJSDUW LQIOXHQFH WKH SURFHVVZKHQGLIIHUHQWZDYHOHQJWKV DQG UHODWLYHO\ ORZ
DPRXQWV RI &% DUH XVHG 7R WDNH DFFRXQW RI WKHVH SURSHUWLHV DEVRUSWLRQ VSHFWUD RI 33 VDPSOHV ILOOHG ZLWK










RI WKH 33 PDWHULDO ZKLFK VKRZV WKDW GHVSLWH WKH DEVRUELQJ DGGLWLYH WKH SURSHUWLHV RI WKH EDVH PDWHULDO VWLOO
PDUJLQDOO\LQIOXHQFHWKHDEVRUSWLRQEHKDYLRU
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2.3. Scattering 
6FDWWHULQJ LV VWURQJO\ GHSHQGHQW RQ WKH ZDYHOHQJWK ,I WKH VFDWWHULQJ FHQWHUV DUH PXFK VPDOOHU WKDQ WKH
ZDYHOHQJWK5D\OHLJK¶VVFDWWHULQJODZLPSOLHVWKDWEHDPLQWHQVLW\YDULHVDFFRUGLQJWRZLWKLQFUHDVLQJSHQHWUDWLRQ
GHSWK ]ZKHUHܰLV WKHQXPEHURI VFDWWHULQJ FHQWHUVSHUXQLW YROXPHDQGߪ௦LV WKH VFDWWHULQJ FURVV VHFWLRQRI WKH
VFDWWHULQJFHQWHUZKLFKYDULHVZLWKZDYHOHQJWKDFFRUGLQJWR>)R[@




OV vs    
7KHXVHRIORQJHUZDYHOHQJWKVFDQEHEHQHILFLDOLIVFDWWHULQJPDWHULDOVOLNHVHPLFU\VWDOOLQHSRO\PHUVDUHXVHGDV
WKH WUDQVSDUHQW MRLQLQJ SDUWQHU WR HQVXUH WKDW WKH WUDQVPLWWHG EHDP KDV VXIILFLHQW LQWHQVLW\ WR FUHDWH WKH ZHOG
6FDWWHULQJ FDQ EH D VHULRXV LVVXH ZKHQ ZKLWH FRORUHG SRO\PHULF PDWHULDOV DUH ZHOGHG VLQFH VWURQJ VFDWWHULQJ
DGGLWLYHV OLNH7L2DUHXVXDOO\XVHGWRFUHDWH WKHZKLWHKXH0DPXVFKNLQHWDO LQYHVWLJDWHGWUDQVPLVVLRQZHOGLQJ























      


7KH ILUVW SDUW RI HTXDWLRQ  GHVFULEHV WKH IRFXVLQJ RI D *DXVVLDQ EHDP >0HVFKHGH @ WKH VHFRQG SDUW
DFFRXQWLQJIRUVFDWWHULQJLVGHULYHGIURP7KLVSDUWLVRQO\WUXHLIWKHLQWHQVLW\GLVWULEXWLRQUHPDLQV*DXVVLDQDQG
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3.1. Simulation of contour welding 
)RUWKHVLPXODWLRQRIFRQWRXUZHOGLQJWZREORFNVPHDVXULQJPP[PP[PPUHSUHVHQWLQJDVHFWLRQHDFK
RIWKHWUDQVSDUHQWDQGDEVRUELQJSDUWVDUHSRVLWLRQHGRQWRSRIHDFKRWKHU7KHODVHULUUDGLDWLQJSHUSHQGLFXODUO\IURP
WKH WRS LVPRYHGRQFHDORQJ WKHHGJHRI WKHSDUWV'XH WR V\PPHWU\ RQO\RQHKDOIRI WKHZHOG LV VLPXODWHG7R
HQVXUHWKDWWKHIXOOWKHUPDOORDGLVDSSOLHGWRWKHPRGHOWKHVLPXODWHGEHDPSDWKLVPPORQJHURQHDFKVLGHRIWKH
VHFWLRQ)XUWKHUPRUHDSODQH LQ WKHPLGGOHRI WKH WZREORFNV LVXVHG WRHYDOXDWH WKHZHOGVHDPJHRPHWU\)LJ
















GRHV QRWPRYH WRZDUGV WKH WUDQVSDUHQW SDUW WKLV LVPRVW OLNHO\ GXH WR WKH IDFW WKDW WKH SHQHWUDWLRQ GHSWK RI WKH
UDGLDWLRQLQWRWKHDEVRUELQJSDUWLVKLJKHU7KHUHVXOWLVDPRGLILHGZHOGSRROJHRPHWU\ZLWKDKLJKHUKHLJKWWRZLGWK
UDWLR$GGLWLRQDOO\ GHVSLWH GRXEOLQJ WKH HQHUJ\ LQSXW WKHPD[LPDO WHPSHUDWXUH7BPD[ZKLFKRFFXUV GXULQJ WKH
LUUDGLDWLRQ LVPXFK ORZHUZKHQ WKH ORQJHU ZDYHOHQJWK LV XVHG 7KLV VKRXOG OHDG WR ERWK D EHWWHU JDS EULGJLQJ
FDSDELOLW\EHFDXVHRIWKHKLJKHUWKHUPDOH[SDQVLRQDQGDPLQLPL]HGULVNRIWKHUPDOGHJUDGDWLRQDWWKHVXUIDFHRIWKH
DEVRUELQJSDUW




WKH ZHOG VHDP LV XVHG WR UHGXFH FRPSXWLQJ WLPH IRU VLPXODWLQJ TXDVLVLPXOWDQHRXV ZHOGLQJ 7KXV WKHUPDO
FRQGXFWLRQSHUSHQGLFXODUWRWKHFURVVVHFWLRQLVQHJOHFWHGOHDGLQJWRDQXQGHUHVWLPDWLRQRIWKHSHDNWHPSHUDWXUHVLQ
WKHZHOG ]RQH 7KLV SKHQRPHQRQ GHFUHDVHVZLWK LQFUHDVLQJ ODVHU EHDP WUDYHO VSHHG >6FKPDLO]O DQG+LHUO @
&RQVLGHULQJWKHKLJKWUDYHOVSHHGVFRPPRQO\XVHGLQTXDVLVLPXOWDQHRXVZHOGLQJWKLVDSSUR[LPDWLRQLVDFFHSWDEOH







&RPSDUHG WR FRQWRXU ZHOGLQJ D ODUJHU SURSRUWLRQ RI WKH PDWHULDO YROXPH LV KHDWHG DQG VSDWLDO WHPSHUDWXUH
JUDGLHQWVDUHUHGXFHGLQTXDVLVLPXOWDQHRXVZHOGLQJ%\DSSO\LQJDZDYHOHQJWKRIQPLWLVSRVVLEOHWRH[SDQG
WKHPHOW SRRO LQWR WKH WUDQVSDUHQW MRLQLQJSDUWQHU DQG FUHDWH DGURSVKDSHGPHOW SRROZLWK FRPSDUDEOHZLGWK EXW
PXFKJUHDWHUKHLJKW LQFRQWUDVW WR WKH OHQVVKDSHGPHOWSRROFUHDWHGE\ WKHQPZDYHOHQJWK$FFRUGLQJ WR WKH
/DPEHUW%HHU ODZDEVRUSWLRQLQWKHWUDQVSDUHQWSDUW OHDGVWRDKLJKHUULVNRIPHOWIRUPDWLRQDW WKHVXUIDFHRI WKH
XSSHUMRLQLQJSDUWQHU7KLVFDQOLPLWWKHDSSOLFDELOLW\RIORQJHUZDYHOHQJWKVHVSHFLDOO\ZLWKLQFUHDVLQJWKLFNQHVVRI
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3.3. Simulation of gap bridging capability 
,QRUGHUWRLQYHVWLJDWHWKHJDSEULGJLQJFDSDELOLW\EHKDYLRUWKH)(VLPXODWLRQPRGHOZDVPRGLILHGE\DGGLQJD




DUH KHOG LQ SODFH E\ D FODPSLQJ GHYLFH 6R WKHUPDO H[SDQVLRQ RI WKH DEVRUELQJ SDUW LV GLUHFWHG XSZDUGV ZKLOH
WKHUPDOH[SDQVLRQRIWKHWUDQVSDUHQWSDUWLVGLUHFWHGGRZQZDUGV$WKHUPDOH[SDQVLRQFRHIILFLHQWRIÂ.DQ
HODVWLFPRGXOXVRI*3DDQGD3RLVVRQ¶VUDWLRRIZHUHXVHG
)LJ  VKRZV WKH SURJUHVVLRQ RI WKH WHPSHUDWXUH DW WKH VXUIDFH RI WKH DEVRUELQJ MRLQLQJ SDUWQHU GXULQJ TXDVL
VLPXOWDQHRXVZHOGLQJRIWZR33SDUWVZLWKDWKLFNQHVVRIPPHDFKDQGDQLQLWLDOJDSRIPEHWZHHQWKHWZR
SDUWV LQ FRPSDULVRQ WR WKH PRGHO ZLWK QR JDS $ ZDYHOHQJWK RI  QP ZDV XVHG RQ WKH OHIW VLGH ZKHUHDV D
ZDYHOHQJWK RI QPZDV XVHG RQ WKH ULJKW 7KH SURFHVVLQJ SDUDPHWHUVZHUH WKH VDPHZLWK D ODVHU SRZHU RI
: DPP VSRW VL]HZLWK*DXVVLDQ LQWHQVLW\ GLVWULEXWLRQ D VFDQQLQJ VSHHGRIPV DQG D FRQWRXU OHQJWKRI
PP%HFDXVHRIWKHKLJKHUWUDQVPLVVLRQLQWKHFDVHRIWKHVKRUWHUZDYHOHQJWKWKHZHOGLQJSURFHVVLVVWRSSHG
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6XPPDU\DQG2XWORRN
7KLV SDSHU VWXGLHV WKH LQIOXHQFH RI ODVHU ZDYHOHQJWK DGDSWHG WR WKH DEVRUSWLRQ SURSHUWLHV RI WKH WUDQVSDUHQW
MRLQLQJ SDUWQHU LQ ODVHU WUDQVPLVVLRQ ZHOGLQJ EHWZHHQ DEVRUELQJ DQG WUDQVPLWWLQJ SDUWV 7KH DEVRUEDQFH DQG
VFDWWHULQJ SURSHUWLHV RI SRO\PHUV ZLWK DQG ZLWKRXW ILOOHU PDWHULDOV LQ WKH QHDULQIUDUHG VSHFWUXP VKRZ VWURQJ
ZDYHOHQJWKGHSHQGHQFH7KH)LQLWH(OHPHQW$QDO\VLVVKRZVWKDWE\XVLQJDQDOWHUQDWLYHEHDPVRXUFHZLWKDORQJHU
ZDYHOHQJWK WKHWHPSHUDWXUHILHOGVDQGWKHZHOGVHDPJHRPHWU\FDQEHLQIOXHQFHGVLJQLILFDQWO\3RO\PHUVVKRZD
KLJKHU DEVRUSWLRQ RI ODVHU UDGLDWLRQ LQ ZDYHOHQJWKV UDQJLQJ IURP  QP WR  QP LQ FRPSDULVRQ WR D
FRQYHQWLRQDOZDYHOHQJWKRI QP0RUHRYHU ORQJHUZDYHOHQJWKVSHQHWUDWH IXUWKHU LQWR WKH FDUERQEODFNILOOHG
DEVRUELQJ SDUW %RWK RI WKHVH HIIHFWV OHDG WR DQ H[SDQGHGPHOWLQJ ]RQH DQG UHGXFHG WKHUPDO JUDGLHQWV 7KH JDS
EULGJLQJFDSDELOLW\FDQEHLPSURYHGGXHWRWKHJUHDWHUWKHUPDOH[SDQVLRQDQGDUHGXFHGULVNRIWKHUPDOGHJUDGDWLRQ
DWWKHVXUIDFHRIWKHDEVRUELQJMRLQLQJSDUWQHU,QWKHFDVHRITXDVLVLPXOWDQHRXVZHOGLQJLWLVSRVVLEOHWRDFKLHYHD
PRGLILHGZHOGSRROJHRPHWU\ZLWK DGURSVKDSHGZHOGSRRO DQG ODUJHUPROWHQYROXPH LQ WKH WUDQVSDUHQW MRLQLQJ
SDUWQHUZKLFKFDQOHDGWRDEHWWHUFRDOHVFHQFHDQGDKLJKHUERQGVWUHQJWK
)XUWKHUDFWLYLWLHVZLOOLQFOXGHWKHH[SHULPHQWDOYHULILFDWLRQRIWKHFDOFXODWHGZHOGVHDPJHRPHWULHVDQGWKHJDS
EULGJLQJ FDSDELOLW\ )XUWKHUPRUH WKH FRUUHODWLRQ ZLOO EH LQYHVWLJDWHG EHWZHHQ WKH ZHOG VHDP JHRPHWU\ DQG WKH
VWUHQJWKLQFOXGLQJWKHSRVVLEOH LQIOXHQFHRIWKHUHGXFHGWKHUPDOJUDGLHQWVRQDUHVLGXDOVWUHVV OHYHOZLWKPDWHULDOV





















0DPXVFKNLQ 9 5RHVQHU $ $GHQ0  /DVHU 7UDQVPLVVLRQ:HOGLQJ RI:KLWH 7KHUPRSODVWLFV ZLWK $GDSWHG:DYHOHQJWKV 3K\VLFV
3URFHGLD9ROXPH3DJHV
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